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FOREWORD

This fabrication plan describes the fabrication techniques established in
Phase I and II of NASA Contract NAS8-20533 (Control No. 1-5-30-12546 1F)
to fabricate two full-scale Y-Ring segments for the S-1C fuel tank,
Figure 1. Also included in this report is an inspection and test
evaluation program for the full-scale Y-Ring segments.

This contract is sponsored by the Manufacturing Engineering Laboratory
(R-ME-1S) of the George C. Marshall Space Flight Center. The program

is under the technical direction of Mr. Paul H. Schurer, Technical Program
Manager. The Program Manager and Project Manager for North American
Aviation, Inc., ie Mr. Joserh Melill and Mr. Carl J. Muser, respectively.
Others who carticipated in the prograrm and the rreparation of this report
are: T. E. DeWitt Project Engineer; P. Miskulin and R. Brunken, Diffusion
Bonding; R. Rohrberg and D. Harvey, Tool Design; L. Ecker, Machining;

F. Koeller and J. Teeter, Forming; L. Fanelli, Leaching and Chemical
Milling; J. Greenspan, Gary Keller, J. Riordan, Metallurgy; Wilson Kearms
and K. McDonald, Manufacturing; F. Janney, C. Phillips and J. Russell,
Quality Control; and Al Schanhaar, Industrial Engineering.
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FABRICATION PLAN
TECHNICAL FLAN

It is the purpose of this program to perform Research and Development for
the Fabrication of a Titanium Y-Ring Segment. The final requirement

will be the fabrication and evaluation of two (2) Full-Scale Titanium
Y-Ring 8egments. These segments will be fabricated to RAA Drawing No.
2623-005 (Figure 2), and will be nondestructively tested; with one comrlete
segment being shipred to MSFC and one segment being destructively evaluated
by NAA.

FABRICATION SEQUENCE

It is planned to utilize processing techniques for diffusion bonding,
machining, hot forming, thermal treatment, steel tooling removal (leaching),
and surface clean-up (chem-milling) developed during Phases I and II of

the program(reported in NA-66-10Lk)for the fabrication of two (2) Full-

Scale Y-Ring Segments in Phase Iil. Figure (3) is a fabrication sequence
flow chart shoving the major Tebrication operations planned for the full-scale
segments. The fabrication operations are outlined below and described in
gucceeding paragraphs.

l. Production Planning

2. Material Procurement

3. Pack lay-Up and Seal

4. Roll Diffusion Bond

5. Yoke and Cover Plate Removal
6. Inspection

T. Machine Flange Radii

8. Hot Contour and Duplex Anneal
9. Machine Pockets

10, Steel Tooling Removal (Leaching)
11. Surface Clean-Up (Chem-Milling)
12. Inspection and Evaluation

13. Shipment to MSFC

PRODUCTION PLANKING

All parts and assemblies will be individually planned to establish the

use of tools, equipment, sequence and schedule of manufacturing and inspection
operations required to complete them in the most economical manner. The ”
production order issued by planning is the authorizing document for all work
performed by manufacturing. This order is produced in sets. Copies are

used to set up an EDP record for reporting and control (SCAN entry), delete
material from inventory, control the location and movement of parts and
materisl, form a permanent inspection record, and other special requirements
dictated by program requirements. Estimated hours and schedule are included
on each production order., See Figure (L) for a typical production order.

MATERIAL PROCUREMENT

Orders have been placed for the rrocurement of all the materials required
for the fabrication of the two (2) Full-Scale Y-Ring Segments. The
8A1-1Mo-1V titanium details have been ordered from Reactive Metals with a
schedule delivery date of 25 February 1966. This material is being
purchased per IIAA/LAD Process Specification LBO1T0O-1T77, and after receival,
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these detailg will be sent to the Mill Polishing Company for removal of
mill scale and grinding to pack lay-up dimensions.

AST™ A-7 steel yoke material for encasing the pack detalls has been

ordered from United States Steel. This material order consists of two
rlates 9 inches thick x Ui inches wide x 160 inches long. After receival,

a tlug 9 inches x 20 inches x 144 inchés will be flame-cut from the center
of each rlate leaving a rough yoke detail. These yokes will then be surface
ground to a finished pack lay-up thickness and the internal cavity of each
will be machined to final pack lay-up dimensions.

The internal support tooling and the cover plates are also AST™™ A-T7
steel material and these details have been procured from various local
suprliers., These details are being inspected by RAA/IAD receiving imspection.

Table I presents the weights of the individual details for cpne full-scale
pack. Also included is the completely assembled pack weight, and the
reduction of weight as fabrication progresses.

PACK LAY-UP AND SEAL

Figure (5) shows the pack assembly drawing for the lay-up and sealing

of the packs. This drawing and Process Specification 2623-007 entitled
"Roll Diffusion Bonding of Y-Ring" will be used for lay-up and roll diffusion
bonding.

Location

The lay-up of the two full scale Y-Ring packs will be accomplished in
the large clean room, Figure (£), located in Building 92 of NAA/LAD.

This room is air-cooled, and the air is filtered and dehumidified so that
clean, moisture-free details can be realiably assembled for bonding.

Cleanigg_

The titanium details for the two packs will be individually cleaned

bs flash chem-milling per NAA/LAD Process Specification LAO103-003

prior to lay-up assembly. The steel details including the yoke and cover
plates will be abrasively cleaned and solvent wiped prior to lay-up assembly.

Handling equipment, including portable hydraulic lifts, lift trucks,
and 14,000 pound overhead bridge cranes, is available for handling the
individual pack details.

Assemng

The pack agsembly sequence is anticipated as follows:

l. MIG weld bottom cover plate to yoke.
2. Position yoke on a reinforced dolly with wheels under the
14,000 pound bridge crane in the clean room, Figure (6).
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Individual Part Total Part Weigh=®
Weight (1bs) In Pack {1bs.)
Fxternal Steel Tooling -
Yoke %75 9,675
Cover Plate 56138 11,275
Internal Steel Tooling
-10 filler bar 97 a7
-11 & -12 filler bar T34 1468
-13 filler bar ST7 ST7
-1 thru -18 filler bar 510 2550
-19 filler bar 10LO 1040
Shim Stock 100
Titanium Details
-1 flange 184 18k
-2 doubler 25 25
-3 ring 161 161
-4 &5 face sheet 175 350
-6 thru -9 rib 26 10k
TOTAL PACK WEIGHT 27,@6
Pack Wt. After Flame Cutting 12,600
Pack Wt. After Cover Plate Removal 6,000
Wt. After Removal of Internal Tooling 3,314
(Except -1i thru -18)
Wt. After Flange Machining & Length Trim 3,145
Wt. After Pocket Machining 1,402
Y-Ring Wt. After Leaching 512
Y-Ring Wt. After Chem-Milling 480
TABLE I

TABLE OF WEIGHTS
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3. Place detal]l parts inside the yoke as shown in the pack assermbly
drawing, Figure ( 5 j. This assembly will be accomplished in
much the same manner as that of the developmentsl packs with the
exception of size. Fizure ( 7 ) shows the details for asserbly
of one of the developmental packs. Figure { 8 ) shows the
titaniumn and steel stack-up without the surrounding yoke, and
Figure ( 9 ) show the pack partially asserbled.

L. MIG weld the top cover plate to the yoke.

Handling of the assembled packs will be accomplished with 15 ton lift
trucks.

ROLL DIFFUSION BOND

Rolling Mill

The roll diffusion bonding will be accomplished at either the Bethlehem
Steel Mill in Sparrows Point, Maryland, or the United States Steel Mill
in Gary, Indiana. Both candidate steel mills have the facilities and
the capability to roll the full-scale packs and price negotiations are
to be completed prior to the final mill selection. Figure (10)

shows the Bethlehem Steel 160" L-high reversing mill and Figure (11)
shows the United States Steel 160/210 inch plate mill.

Shipment to Rolling Mill

Each pack, as assembled, will measure 1lk-1/2" x LL" x 160" and will
weigh approximately 23,000 pounds. Various means of transportation have
been considered for shipment of the two full-scale packs to the selected
rolling mill. These include railroad car, motor truck, and air freight.
Railroad car requires from 10 to 1L days one way back to the rolling mill
at a cost of approximately $650 per pack. The fabrication schedule
prohibits this long travel time. Air freight was considered, and the
travel time was excellent, however a chartered plane at a cost of $11,000
per pack prohibits this method of transportation. Motor truck requires

5 to 6 days travel time for approximately $650 per pack. This means of
transportation i1s considered optimum and is anticipated for use.

Rolligg

Each pack will be heated to a rolling temperature of 1835°F. A

total heat-up and soak time of 15 hours minirmum is anticipated and each
pack will be continuously evacuated during heat up to a minimum temp-
erature of 1600°F.

Upon completion of the heat-up and soak time, each pack will be rolled

to the finished gage in approximately 5 minutes. A 66.5 percent reduction
is anticipated which will increase the pack length approximately

7 pag times. Figure ( 12 ) shows a developmental pack prior to

rolling and Figure ( 13 ) shows the same pack after rolling.
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YOKE ARD COVER PLATE REMOVAL

Flame Cutting

ATter rolling, the steel yoke will be flame cut away from the rolled
titanium structure and the outer cover plates will be mechanically
removed. This will reduce the weight of the packs approximately 88
percent. Figure (14 )} shows the flame cutting operation being performed
on one of the developmental packs.

Shipment to NAA/LAD

Each pack will measure 2-1/2" x 21" x 421" and will weigh approximately
3300 1bs. for shipment back to NAA/LAD. Alr freight is anticipated as
the transportation method at a cost of approximately $600 per pack.
This will expedite the succeeding fabrication operations.

INSPECTION

Dimensional

Both ends of each pack will be trimmed and a cross-sectional specimen
similar to that shown in Figure (15 ) will be polished and the internal
steel tooling removed for accurate dimensional measurements which will
be compared to the design drawing No. 2623-005. These measurements will
be recorded and submitted in the final report.

Metallurgical

Metallurgical specimens will be cut from various rib-to-skin and flange
locations in the pack trim areas and examined metallographically. Bond
quality will be inspected and any evidence of contamination, metallurgical
phase transformation, or notched joints will be recorded and submitted

in the final report.

Physical Properties

Chemical analyses will be conducted using specimens taken from the trim
ends of each pack to determine the interstitual pick-up or nitrogen,
hydrogen, carbon, and oxygen by the titanium material during the roll
diffusion bonding process. Data from these examinations will be submitted
in the finsl report.

14
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FIGURE 1h. ILAME CUTTING DEVELOPMENT PACK

FIGURE 15. DEVELOPMENTAL PACK CROSS-SECTION
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MACHINING FLANGE RADII
location

NAA/LAD has the facilities, equipment, capabilities and experience to :
perform the required machining operations on the Y-Ring segments after rolling
howvever due to the projected work load for this equipment, it is anticipated
that an outside machine shop perform the required machining operations.

Handling

For flange machining, the part will be flat and the exposed surfaces of
titanium will be protected during handling. Wooden skids are anticipated
for use and conventional 1ifting equipment will be employed to assist
transportation by NAA truck to and from a selected machine shop.

Machin}_xg

Three machine operations will be performed on the full-scale Y-Ring segments
prior to forming while the part is in the ¥lat condition. The full-scale
cross section of a Y-Ring segment and the trim areas are shown in Figure (16)
A 12 inch radius cut similar to that shown in Figure (17 ) will make the
flange runout tangent to the inner gkin of the rib-stiffened area. A

0.38 inch radius similar to that shown in Figure ( 18 ) will eliminate the
sharp corner resulting from rolling. The tangent noints of both radii

on the flange are to be 1/8 inch apart. This will assure proper fit-up
with the hot contour forming die and will maintain the proper crossectional
dimension in the machined area.

The edge trim will be left l/1+ inch oversize to assure proper assembly fit-up.

HOT CONTOUR AND DUPLEX ANNEAL

Concegt

Each Y-Ring segment will be contoured to a 198 inch radius. Several methods
were evaluated for accomplishing this task with an incremental hot form/size
technique being selected as the most practical and most economical for this
particular development effort. Figure (19)and (20) show the incremental
forming concept. It is also anticipated that upon exit from the hot
contouring die, the formed part will air cool fast enough to obtain the
duplex anneal properties desirable for subsequent weld Joining.
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Process Support Mechanisms

1)

Hot Contour Forming Die £623-201

The hot contour forming die, Figure (21), is a mated, cast and
machined meehanite tool 6 feet long, capable of maintaining

high strength at 1450F, and mounted in the existing Sheridan-Gray
hot-size press at NAA/LAD Figure (22). Essentially, this tool
consists of 3 zones described with their operation as follows,

l) 13-inches of lead in which conforms to the cross-sectional
shape of the flat and straight part. This zone accomplishes
alignment and pre-heating functions for forming in the subsequent
two stages. 2) 13-inches of ramped transition of the .230

inch thick flange from flat to the 13° formed up position.

3) 36-inches of 193 inch contour for the part body and flange
completes the die configuration. It is planned to incrementally
feed the part from zone 1 into, and through, zones 2 and 3 in
approximately € inch incremental advances with a forming load

of 300 ton arplied for about 10 minutes following each advance.
The entire tool is heated to 1L50F by conduction from the hot size
press which has upper and lower heating rlattiens capable of
achieving 1350F. The double contouring of a smaller (40 inch)
part has been demonstrated as shown in Figure (23).

Handling Fixture 2623-202-1,-2

This fixture, detailed in Figures (24) and (25), is designed as a
multipurpose unit specifically for this project. It will perform
initially as a receiving fixture for receiving the Y-Ring segment
as it progressively moves out of the hot contour forming die.

The fixture will be attached to the concrete floor with lag bolts
to hold 1t in position. Since the formed Y-Ring segment will
come out.of the forming die into a vertical position, a mobile
crane, Figure (26), with a 40 foot boom and a cable will be
required to 1ift it into the vertically-mounted fixture. The
cable will run through guide rollers in the fixture and’ be
attached to the leading end of the Y-Ring segment with a bolt-on
fitting. .

On completion of the forming operation the contoured Y-Ring will
be nested in the handling fixture and held in place with clamps.
The legs supporting the fixture will then be removed and four

large casters mounted on the cross bars. The fixture will be
lovered down on the casters into a horizontal position. It will
then perform as a shipping fixture to safely move the contoured
Y-Ring segment to the various locations required for the subsequent
machining, leaching and chem-milling operations. Finally the
fixture will be used as a cradle for shipping the completed

part to MSFC.

21
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FIGURE 22, HOT SIZINGC PRESSES AT NAA/EAD

Fal vy ‘. i

FIGURE 23. DOUBLE CONTOURED DEVELOPMENTAL PACK

23




g

e T e S e e T —
[ Supwn— ST
I8y J e K OCF £ wid ON D - !
NI BLG WhirF Fwca LSATT *
93 .l
ANiN LW 0 vz
* E R .
a - ,,, . - = I
20 s / FEX YL oy .
. LE e NE T WO iR \ om L a
PNTHIST WHLI T Feh T et ' > T .
y 7
4 \ i
. . i -
\ \ i
i
\ / H
\ H
R |
\ _
FLE I _
J.x @ ¥ ¥ U oeIN ;
- e . P ¥ .
4,.
: rodav
i J 7
; - T
». :
P PR 1 BN
PPy veet
1
H -
s
i
i
¥ s
BWLITYLT T b aw i s
NOWLIY ¥Dx AN e
7.5 777
-~ R
Y-v
{ m— )
i
/
i
; R
cia Fd ey o ’
1IINe PP &7 - o
{ -~
FEIN Sh # & ¢ -
iV AIN WY TAI4 T2 A
ELE TN S TR
FHEX NIy Mo JiZ)
-
A8~ St v eI S
WIS RFITO- QY Ty .
. !
i / B ’
o '
AR, ' T
3 — § :
'\ P H
. 7 . :
N e =2 E H
— o iur 28w - H
EX P N “
.
t
&
- ﬂ
o "

E LR L
AN MmN AN
isdtas ¥ v




>

[17-0-2297=) 19
R

T s e FIX

T Sl s e PP
T004 T I3AS

- Rt W ;
et e T :

—

—— — | W—

i NORIVIAY WY BEIE MLNCN

P -39/

Ll SO oty g i |

B wuos iie F
WL W i AT LA NIRTIIY wT
PruAde Fiv o . LIS Y TR FEC
§ B WP iPe L
INBANT T N YIRS L SO0 L ¥Ia T A
: Fore die SHIw 5T 2y
Niwy wEm WD g5 e Wit BT Ta
P gowmowsix 3% i FOPE L8 ces S
H TN T R0
G 7 THhe BT vEm NI DNMGET FORPS
Frges TiE v T B SN ST NGRS IR
' i@ I Jan TIVNVS SE P ks
73 Az 20 v ar NULEISFN LN WD
LN P TWoeS fIPMT T
TFLIN TONIVIE

¢

RS

Freh %
ZeZ -EIVT

LN NS
o Z

i

, i oo ¥ - el
- - -+ evax F | e
i P i Wi XYOOF' Y wich mow &
m ] ; PHNONLS NPT Poiid T
. avaw I
Ke ¥ GOL'Y Wi bedn & P
PNCWLE FHiTT FHid LS ,.mMNw e
cUIN ;
Fo X WTR WD WON §
DI R bt q»"%nﬁwwlz
o =
ovas ¢
TS XV TR WIT WO A
OIS Fefiw TiKipg2,
avew : 7 /T
SR M A WG MO PR
FiS Pt IS SOF.
; oria
y i W WT N WNT WON
5 s e Ti
B e
FLis 779 % w
202 w29 - Lol !
IRIH T Lwied Wi LUF i
Cogway o7 oak .
¥ F WA LT RS ”
Frewe WIPLAW LY §o FrReT T i
: H
- - — 2 - E . .
- U ° -
—— . e S R el
; i
S e S . . P
",
1 .
A
pe
E -4 ¥
S 7 :
’ / 3 © 1 TrIy ¢
i N : PE X P Sy T N
< e e e i Faie Cii L7
: ~ P ; . m z
™ G - - B 4 - Bl e
. . ;
t rY e -
M auns v £ w7 :
Ed
| | s
i . NMORE S i
| 4l F AT T R
'
i g
i
Rris &
) FEF B S L EER
2cFe #5-oA b2 et PV A

N Sy
ILRES ADVVG W e T

FAC Tan T ANTINE Py T8, T

TLcIBPY AP MY gEe
FograbZ wIIN L atINg?

LR S Y

T
b

0
X




16

\/ ::’
\/

\

=
wew b
NALP S 2E
TVR JarmT AR

INNER  TRUSS

I AL
4
B

5K
p

R

~

PR

>

E

N ] e e
S S I «-T \ .’ -~

REGD

Yo

3

G

FN——

R - SN S —



Ty

[ T o T

o

B

e

PMom D S g4
EE2 2
RIS 52N

Y

SiNid W FrawnT |

e

avss #:z
g a5 -
WRETACA T »»ﬁ/.:

225k G050 w¥

IPIy *
s LTS 3OV 1
jotr mow e

N el
Ko

N FTANY . Wy SN Ty

§
I
i
|
i

)
|

|

S AR

t

B

f

o

A

e s e f

H

e <]

oMy 1L el

atRe ¢
Birwgalp
su3 {wesi.

g/
Al ¥ g AEYL
Freve 1ot v |

_OMPaIEZ -
a\‘\-,?” LN XD ‘

U 08 922 ainDF 8

N NS WY X W I
B Muwdvug.‘k e

\ﬂ) WIu o T twd

T

£,
W.uf‘.\\‘.xw'u&(x EIIVICHT Tn 30T
o

aww

oy Wk XM ENE
Il.yuq‘( NE




] R R R S
9 L 9 i I 6 —
! T0Ew 7 . !
LR R a2 ! ary
SEEe TFEae JHaLiw. tiaim i sram .
/ . * 5 M
! .~ aoIn 2,
' R LT 23 RN WOV N B
eoIN - f Fosew =g 8H iSFE 73300 P 43,
. . -
.ﬁ-«.a e ;T Taryy 7 T T ) -
. ’ < -1 CosErs Moacws CLIBE G 5oy o
P i X v . FrIRIYY "Ly A Fn * AILH TIIN Py
p-—— e - i - ToFn @
, —_ . 4 S LRI R L
#3:ise ¥ ‘ L R IS -
. : 4 E . h .
| 2 P D s ens - el Y Fry A
20 4FT miiw Tewss FA g e Ap ﬂ— 5 ST i e
s Ao s L 3 4 LR IWT o uS voRur SP ~ &
i b Fmend ~a e : KA . )
L7 PN T PR S T > 1 e i - P ’
riN o

i e e Rt £ S -
Vo Yi: @750 300
K AR PR T

> B

]
I
{
i

e I

i Aoz e Ty~ &
wc &iT - R

I{Jm_:n ode

a

i
Fiw Tt P ¥ e bi
Fowsle . LET-

y

EEES
¥ itEs:

*
R
£
.

JEFy &
BN TEEE
Fismer T1¥ mo\v -

e
Lo

. \»
@ L{ ) . N ;
| | 1 7o / i N
: M fpa——. \ :
i | [ Iviy e \ i
: SRR T \
i 2 i Frone 1% &% C N
{ I3Fa » :
i ret Ty T 2
u . FrEve Cog \
1 i A
i \ :
3 5 ;
: g52x ¢ e % S : !
) ' ) NI &FT Ml e L P »/.1.,
: 1/ 4
i . i
A e —k 1
- - N SO Jh R B, et 0 f -od -
v TR ~ k. & 1. \M\ gtk ki, 4
P T i L |
. | .
4 P e
[

- - - ) o )
: 114 ELTTRr Yy Sy

_ : O gl e \ ,
. 4 H — TV e e SN >
PETUPIFTPIE WY SO o3y 7 «n.!a#-.nz ‘\.s‘uzﬁf ll‘ﬁl o T Ty
K=

ESTaN oy
e cHT e Frewr Yo G s ¥vr FIsrer 1.5 8L AN i mi.wuwﬂr(nw .H
¢ ! - 2356 woan -4 - LoIOXE PRIy 005 e

i - P - X M P g - T L

P GO & &g fRS

; Freve w.v;n u

Loy

A L L dal

4
/
-
325 sr0K i - )
| v i e -
-1 \, - -~
v i ; T N
| : - g
I
i qoawy orvixcl o~
[t \
H N A., P
2 O g ; ‘i .- a-3a &
= v EEF TS P z = K .
| Gode sa s sx Yazer — H . NI Mg g o
LRI T 2P & A, L/ Frome rig (8 § F18we 5 lid ) !
TEIY So ity - = e
HRrSE g openg W) J
wm e Ty
I v I /
= ' /
e T ~ hY
~ . - ' gow? v w2 §
R S ; FERIT LR E Vo PR

¥
i ao 2, |
.‘\ n«&«#. .y,:..‘umv . ‘ o v v  Graw i o
o e ITve i o EEL ITews TiT id:
] o7 ] - —
- 7 1 . s
P ! coIn i M TF e
P . Se. . E#
- { P
] v
@
i
. i

Sopsain Bpriornca gl - - s el N st e




H
1
!

S o

! . ;
i : N :
@ ¢ i e - i
H Vwriioo mome e 2huinaoves . : . » |\.
m ' k. AFS R  ] ¢« w74 7 ¢ 53 \\t\!\.\\.t\w - Eh— 1
: ECE LT FEET R 7 B ao3s 7 W -f . it JWHMMHN\ - >
w Lt w3 LFE am eS u.x ! - e e
P H ' e s e, e
: w NP W  3WITW | e & T ] 6\4)\
i § ¥ ge Siv e 3eg@ LT YT ad e o e e ST 3 428 - mes -
pomiadT v a RENPE Y | i Fa4 I T F AN A Y ..
! w " wu 1 ﬂ#w ﬂ«qwn\w [P : - . ATNE WO LA T e
" . : o H IS LoV FO5 A o0 e
lh N - “Qb F i , . Simbd T iV wrs
¥ . , . : TS 3row
- W AM . - NOIL IS
1 : k H - : 3 A4
! o ,.i. LT i ’ Bl
— i 7 Llis e ! L ¥l : TP ! ‘
‘|-* ) ! i 1 sody 2 ' r it ERR Y 4 ' Aree £00@
CraTR Y r tme LT : H - - T2y H ¢ p
. . - - LaWis L deewr?: oy
e TN My Py o : e e rvx. e R TR . , SEVEE o “ﬂ&uu u.www«u\ w...\m )\'I nquwL
o2 ey BOD m idw 7o Farlld :r/Qﬂﬁ Sar iw F 4 . PN - b -
AN S o~ «¥ - : . ; -
D . S S m 75 170 qoau IS K kv b ' ! S G =
P il - - L ZFeF 3 #25 PTMINS o X (g ‘ [ Sy -
= A 3 g - t - » . N P S e amoapi
P . n.wg [ AR A FFAEER £ T i IOy AT & F .
IR ERFAP R R IR F DA
. . 2 TY T L, wITeve ty L e { -~ apdy T =
. . WS e i 7 s A LT Ve, PR 3 . T E2 {0 .:uhw
: 7T Thra sy e SAFR BER: R I APTYm vy T n‘,,
H : W I A IE S T i
! Imlay DFIIN e o PR AW L t = [ & 2 T ﬂ-wﬁ# /
i ACTTY N ML Y e Ww e ¥ GOF FRI TR P D05 -
1 SAT M IRM LI T I - X asw T { ~
i [N ATFLW ST TN A i } avsy £2 -
: ’ H boixhair2 X
A T ONEVEE L Y R R N by : - Freny a5 owi
‘ L i¥E Cae s s ¢ 7. va” ‘ N
* SN0y Fs wiri - H
o Sgass Al ea s N :
LERPY % PR &,m‘ PP T H erIa 75
; LR X4 T AR t
Swil e L n«wz; My TN M w ] a0 . % JNVMHW! Vn,m?«\\\l
NS ¥ PU-2N H
: N YA T I T I
R IIINE US o :
. . . H . ; S avw s soar & . o R
T st 2 % g~ 2 BN TTNEm P } , Tedens am e - ﬁvm...(dyi.. PRSI A CcIN TIT ASiw 55 N
) SRSy : AL L AN R wrre 25 gy \ RS : ~ ! !
MOLp 3.} 42 wdm =T Lhwe 770~ H S Hv.u WIS ST Tx e er § L OBy T l-!ﬂ*f\. H
Tra 3Y 4w & AN aaes TFF: H ~ . 2eE " FSG NI, B 30% 135 -
} R tnd i i -~y . -
PR R TR AT T ' PN wies or0: S I
N P | Nrnziw T00L P S
v EXEF TR /
: nr.om‘nNuN.\l/ 100: 3~ DN
' 1IoME Tis ee IOy e
- ¥ NI T
- ROLLYNONC FiE LOW INOI WG
i . CA5TO WRITRW 170 FACHTN
i 410 @ R0 TiNIOG ¥
; i 104 L3y 4 wlquazkﬁn P
. F owdu 5
A : ovsN ¢ AT 8o sy FLNIDg VI 1O wii o~ gExw ;
' Fr L Mud&n&..l!uatui‘i\'k& FRIE 708 ‘gz, aom 1:”
; : sanswn My i NOILIES >
{ ﬂlﬁ NOIL3FY apde cr v el d 4\ o5 90~ ,/ @ - ﬂ'ﬂlh
! = ¥25 @@ ONS dw Bos P avsns o § ° \ N /o~ wIxwefs
H i * \ \ N £ igz: dow swo
H RZZEFRE N FELAE ¥ TR B X R s hatt)
; n.bxﬂ.ux — — M ‘ — - R
W Iy Civ _u r T T 1 ; i .
. 4
“ - 70 .37
! T T FFS R
{ eIy 26
z.-
oAl N/
| e +—
, —
i H
! i 527 a0~ ! T
. ., . ﬁm& .w*o.*n«w\ u‘\’tc'o\.n‘
: FoIN Oy Sam nu i i i
ATy 3FTNW B 'z: < o H ~
! Y qosy o Revarl e . QTR NI NOR
i sam Ccan) v L LT wa. ¥ n. X NIIVONE M IR
s L TRV IENN
- oI §©
i EL BN 3T Y . Boix PHUT¥F
H Sy~ Pt ik PIsMr 4S5
H N i AEY TS N St -
) apIw oF NTr v 2% .
: FoIm O gow 11im7 ’
v 4\\
H ASTHw F'ON I &I aa ;
. DS l L 4\\ aeyy o &ixy o ¥ ;
oo . I Ty sas . f I 1]
! w or .
eorabrpay ,\ ; ) R cvIw 537 B :
Fi i FroNe iy o as ARTUT W - CIIEE g it d :5“&. - o 7 | !
H - E 2 (@ ¢
i 4 T0Iy o1 2 ek et} - -Lo, [ VL a5  Ziioda : i
: vl xR, 2038 07 1t W K pinpy s - ] ~w L B | P T N ) {
i N - A J ! /
! “ Frane oo 20900 NIT " asws T T A s’ i J..: 2Ou TruT Cmzs = o 4 e s = o
B - 5 IR -] T o )
i ) WIS Ix DO /,U 120, 3 »\ S uwu"||w \( f { m ,~ J
{ I93m 37 fsumer® 2ATOmT . K i : s
: o 2 JOF 7 xaod wE 20179 Jrw3 3 — ’ . !
. H N VB T VELON i P 1
M E T B e R e L ; i
3 T ~334 WL Fa !
H ok i
Quwtw:ﬂm .4...,-\ 30N | KXW, : ]
. LR ﬁm | acs ..a.tﬂ o ;: !
; . - N i
i ™
| M qeFs ..v\a aeIn 2 M B
i : ASSw MFIICH 2 FTT & x By s vxo Wy \\ {
i N - -
. ] . IV s 3 AM i . |
£l N i
T i - H oy Fuow vra § ] o
w SWngay B YE .:‘t-nuu&ux‘k S o |
; o FHINE FdO N Farm .n. p T
- i el . - — .
| T8 02 3i; Lioeky A\! < R . i ...lhm~ {4?&1 aie
m - ELE v:ﬂfa\ o 1
v EE T T2 i ! P
29-1/ -2 | q A
- - : ¥ H d
- : reas 3 s
L TE e i § v 5 G oo by rx. L : : i
L 8-29-YN L & rommeii M T b “ .
“yoc F: *w,.i..l.i;, B ) S e } R - ’ e .
- T 1
% I3 Bl
; - [ . |
; < s S
- ; . ; y




NA-GC-37
NORTH AMERICAN AVIATION INC.  LOS ANGELES DIVISION 2-11-to




NA-66-87

NORTN AMERICAN AVIATION, INC.  LOS ANGELES DIVISION 2.11-66

INSPECTION

Contour

The 198 inch contour of each formed part will be inspected using a 12 foot
terplate with a 198 inch curvature. Any deviation from this curvature will
be measured and submitted in the final report.

Dunlex Annealing

After hot contour forminz, it is anticipated that a section of the titanium
structure will be trimmed for duplex annealing inspection. NASA sharp
notch tensile specimens (ST-1€) will be used for notch tensile testing of
the titanium material.

MACHINE POCKETS

Location

After contouring, one full scale Y-Ring segment will be sent to an outside
rmachire shop for pocket machiningz. The machining will be accomplished

with standard milling equipment and will reduce the overall weight of the
zack from 3100 pounds to 1400 pounds.

Transporation

Transportation of the part to the machine shop will be accomplished by
North American truck using the receiving and handling fixture, Drawing
No. 2623-201-1,-2, to protect the part.

Machinigg

It is anticipated that the 128 stiffener pockets be machined on a horizontal
boring mill. The Y-Ring segment will be mounted so that the plane of the arc
is horizontal. This permits support of the overhanging portions of the
Y-Ring on an extension of the machine bed. Cutting of the pockets will

be in the horizontal direction. Figure (27 ) shows a developmental

prack with the pockets machined.

STEFL TOOLING REMOVAL

Location

The steel tooling will be leached from the full scale part after pocket
machining by an outside vendor. The selection of the vendor will be

based on past experience and available facilities, as well ag price and
schedule.
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Transportation

Transportation of the part to the selected vendor will be accomvlished by
North American truck using the receiving and handling fixture, Drawing
No. 2623-201-1,-2 to protect the part.

Leachigg

The steel tooling encased in the rib-to-skin stiffeners will be removed
by chemical leaching with nitric acid. The full scale part, after

pocket machining, will have 128 stiffeners with steel encased between

the ribs and the skins. The total steel weight to be removed is approximately
900 pounds. Time required depends upon temperature and concentration
maintenance, surface area exposed, removal of reaction products from the
surface, and passivation reactions. Recirculation of acid is preferred
to remove reaction products and to bring active solution in contact with
the iron surfaces. A starting nitric acid concentration of approximately
50% at 150°F is anticipated. The temperature will increase with reaction
to approximately 200°F.

SURFACE CLEAN-UP

Chem-Milling

The final fabrication operation for the full-scale Y-Ring segment will

be the removal of any surface contamination on the titanium resulting
from the rolling and hot contour forming operations. This is to be
accomplished by chem-milling per RAA/LAD Process Specification LAQ103-003;
however, an initial grit blast may have to be employed prior to chem-
milling to successfully removed the surface scale resulting from the
rolling and hot contour forming. Figure ( 28) shows a completely
Processed developpental pack.

IRSPECTION AND EVALUATION

One Full-Scale Sggment

After complete fabrication processing, one full-scale Y-Ring segment will

be non-destructively inspected prior to shipment to MSFC. This inspection
will include visual, penetrant, dimensional, and as rolled ultrasonic
exanination. Trim material from this segment will be examined for mechanical,
physical, and metallurgical properties.

Evaluation of Sections

The second Y-Ring segment will be cut up in sections for destructive
evaluation. This evaluation will include dimensional checks, metallurgical
evaluation, mechanical properties, and physical properties. Comparisons
of the two Y-Ring segments will be made and a correlation of destructive
and non-destructive tests vill be made.

28
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‘ FIGURE 27. DEVELOPMENTAL PACK WITH POCKETS MACHINED

29
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SHIPMENRT T0 MSFC

Shipment of the full-scale Y-Ring to MSFC will conform to the most

economical method acceptable to the common carrier, which will assure i
safe and proper delivery to destination. The handling fixture 2623-202-1,-2 =
shown in Figure (2L4) and (25) is anticipated for use as a shipping fixture,
and the shipment will be conducted in accordance with Article X in NASA
Contract No. HAS8-20533 entitled "Research and Development for Fabricating

a Simulated Titanium Alloy Y-Ring Segment for the S-1C Fuel Tank".
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INSPECTION AND TEST EVALUATION PROGRAM

A quality assurance program that encompasses all phases of operation

for the development of the Y-Ring segments, including in-process, assembly
and end item inspection and tests necessary to assure that all materials,
equipment and services conform to contract drawings and specification
requirements will be maintained prior to delivery to MSFC for acceptance.
Figure (29 ) outlines the inspection and test evaluation program for Phase III

RAW_MATERIAL INSPECTION

Upon receipt of material, the supplier's test reports and certifications
will be reviewed for compliance with the Purchase Order and applicable
material specification requirements. Upon compliance with the Purchase
Order requirements, Procurement Quality Control will ensure visual and
dimensional conformance with the applicable procurement specification.

The surface finish of the material will be examined for required condition
and evidence of discrepant surface imperfections. The length, width,
thickness, flatness, and straightness of the material will be determined.

Supplemental testing will be performed to include:

Metallurgical Properties - The microstructure of the material will
be evaluated by metallographic examinations. This will include
examinations for evidence of surface contamination and for basic
microstructure. The depth of the surface skin (oxygen and nitrogen
enrichment) will be measured and reported for subsequent process
control.

Chemical Analyses - Chemical analyses of each lot of material will be
rformed t0 determine the material's conformence with the tensile
property requirements of the procurement specification.

The steel raw material will be analysed to detemine its chemical identification.

MATERIAL PREPARATION INSPECTION

Subsequent to incoming material tests, the titanium and steel raw stock
will be prepared for lay-up. Material preparation includes the mill-
polishing and chem-milling the titanium to remove the brittle surface
skin (oxygen and nitrogen enrichment) and the machining of detail parts.
During mill-polishing, the supplier will be required to measure the
material thickness before and after belt grinding of each surface. This
vill ensure that equal amounts of material is removed from each surface.
These measurements will be re-checked by NAA Source Inspection. After
mill-polishing, the titanium material will be chem-milled to insure the
removal of the enriched skin. The chem-milling will be performed in
accordance with Specification LAO103-003. After chem-milling, the
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plate stock will be checked dimensionally by the supplier and verified by
RAA Source Inspection. The machining of the titanium and steel details
will be in accordance with Specification LA0103-004 where applicable.

After machining, the details will be inspected dimensionally for conformance
with drawing requirements.

_PACK LAY-UP INSPECTION

Prior to lay-up, each pack will be assigned an Inspection Record Book.

See Figure (30) for a typical record book. The specific processes and
manufacturing methods utilized during fabrication of each segment will

be maintained and recorded in the record book. The dimensiomal acceptance
of the yoke cavity, titanium and steel details; shim dimensions, and
their locations will also be recorded in Inspection Record Book.
Inspection will ensure that proper cleaning, welding and leak checking
technigues used are in accordance with the requirements of aprlicable
specifications.

ROLLING INSPECTION

The rolling mill operations shall be conducted under the surveillance of
NAA personnel. These operations will include:

Leak check and de-gassing of pack prior to rolling
Sealing of pack

Temperature control of pack before rolling
Reduction during rolling

Dimensions of pack after rolling

The rolling mill shall submit with each pack the following imnformation:

(1) The leak check results and any necessary repairs; (2) A description
of the de-gassing cycle; (3) A description of all heating cycles; (L)

The rolling temperature and number of reduction cycles; (5) The dimensions
of the rolled pack.

AS ROLLED SEGMENT INSPECTION

Nondestructive Testing - Upon receipt of the rolled Y-Ring segments,
the rolling data will be reviewed and inserted into the designated
Inspection Record Book. The diffusion bonded segments will be visually
inspected for surface conditions and dimensionally inspected to drawing
requirements. The segments will then be ultrasonically inspected.

The results of these tests will be entered in the Inspection Record
Book.
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Metallurgical Testing - Trim material will be cut from each part

and metallurgically tested. The microstructure of each segrent will
be examined for evidence of contamination and core material for basic
miecrostructure. The depth and nature of the surface contamination
will be measured and reported.

Chemical analyses will be performed to determine any changes in the chemical
composition as a result of the rolling cycles.

Sufficient tensile tests will be performed to determine the tensile
sroperties of the rolled material and the bond strength of representative
diffusion bonded Joints. Results of these tests will be entered into

the Ins.ection Record Book.

HOT CONTOUR FORMING INSPECTION

Tooling Inspection - Prior to fabrication of the Y-Ring segments, the
handling fixture, hot forming die, and the contour terplate will be
inspected for dimensional accuracy and apcroved prior to their use.

Tool Proof Testing - The temzerature uniformity of the dies at orocessing
temperatures will be monitored to prevent localized overheating snd '
deterioration of proverties. The capability of the dies and ~resses
will be determined by the placement of sufficient thermocouples in

the dles and press platens to measure the temperature unmiiormity.
Temperature surveys will be recorded on approved strip-chart multi-
point recorders.

Inspection of Machined Dirmensions and Surfaces - All machined
dimension will be inspected for conformance to applicable drawing
requirements and the machined surfaces to LA0130-00L requirements where
applicable.

Assurance of Clean Tooling Fixtures and Segments - The tooling and
each segment will be adequately cleaned prior to the application
of heat to minimize surface contamination.

Surveillance of Thermal O erations ~ The hot forming and duplex
annealing of the Y-Ring segments will be conducted in accordance
with LA0102-003 and LA0111-028 respectively where applicable.

Calibrated thermocouples vill be attached to the part and strip-chart
recorders will be utilized to assure that all critical time-temperature
cycles are met.
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